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Abstract : Dc transport properties of vanadium and iron tellurite glasses arc reviewed Glasses of both systems exhibit small polaron hopping 
Luiiduction Vanadium tellurite glasses indicate adiabatic and non-adiabatic small polaron hopping conduction, while iron tellurite glasses present only 
nun adiabatic small polaron hopping transport due to lower concentration of maximum Fe,0^ content for glass forming. The former produces vanablc- 
langc hopping conduction depending on glass composition at temperatures lower than f)j, / 4 , but the latter provides no variable-range hopping 
iMiisport in the measurable range of temperatures The application of pressure on .some glasses of both systems increases conductivity Oxygen gas- 
stnMng behaviour due to gas diffusion are found for both kinds of the glasses
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1 . In tro d u c tio n
S e m ic o n d u c tin g  p r o p e r t i e s  o f  o x id e  g l a s s e s  c o n t a i n i n g  
transition m e ta l io n s  h a v e  a t t r a c te d  in te re s ts  o f  re s e a rc h e rs  a n d , 
nonce, a n u m b e r  o f  s tu d ie s  w e re  c a r r ie d  o u t fo r  c la r if y in g  th e ir  
^ontiiiciion m e c h a n is m . A b o v e  a ll v a n a d iu m  p h o s p h a te  [1 -4 ] 
and borate (5] g la s s e s  w e re  in v e s lig a te d . I ro n  p h o sp h a te , s i lic a te , 
and borate s e m ic o n d u c t in g  g la s s e s  th e n  b e c a m e  ta rg e t fo r  s tu d y  
Kd T he c o n d u c tio n  o f  v a n a d a te  a n d  iro n  o x id e  g la s s e s  w a s  
generally u n d e rs to o d  16,7] by  th e  M o t t- A u s t in 's  sm a ll  p o la ro n  
1‘Opping (S P H ) m o d e l [ 8 ].
K o zh u k h a ro v  etal. [9 ] fo u n d  th e  f i r s t  b in a r y  te l lu r ite  g la s s  
farming sy s te m s  c o n ta in in g  d if f e r e n t  tr a n s i t io n  m e ta l o x id e s . 
S em iconducting  te l lu r i te  g la s s e s  th e n  b e g a n  to  in v e s t ig a te  flO ] 
and a ttem p ts  a im in g  a t  e le c t ro n ic  m e m o ry  a p p lic a tio n  w e re  a ls o  
•eporicd [ 1 1 , 12 ]. T h e  p r e s e n t  r e p o r t  b r ie f ly  r e v ie w s  r e s u lts  
^'btained fro m  r e c e n t  s tu d ie s  o n  v a n a d iu m  a n d  iro n  te l lu r i te  
g lasses f o c u s e d  o n  d c  c o n d u c t i o n  p r o p e r t i e s  a n d  t h e i r  
application.
Structure
IR  s tu d ie s  c a r r ie d  o u t  e a r l ie r ,  TCO 2 in  te l lu r i te  g la s s e s  w a s  
J^evcalcd to  h a v e  tr ig o n a l p y ra m id a l T e 0 3  o r  te tra g o n a l p y ra m id a l 
^*^^4 [ 1 3 ,1 4 ]  s t ru c tu ra l  u n it .  T h u s  T e O j n e tw o rk  fo r m e r  m a k e s  
^^0  ^ a n d /o r  T eO ^  p o ly h e d r a  in  te l lu r i te  g la s s e s . V 2O 3 , o n  th e
han d , is  k n o w n  to  fo r m  V O 5 [ 1 5 ,1 6 ]  s t ru c tu ra l  u n it ,  V O 5 
pyramids a rc  lin k e d  to g e th e r  in  g la s s e s  c o n ta in in g  V 2O 5 [1 7 ] , In
c o n tra s t ,  iro n  o x id e  is n o t a  c o n v e n tio n a l  g la s s  n e tw o rk  fo rm er. 
I ro n  o x id e  in  V 2045~ M o 0 3 ~ F c 2 0 3  g la s s e s  [1 8 ] is  in c o rp o ra te d  
as  F cO ^  tc i ra h e d ra  a n d  F cO ^  o c ta h e d ra  b e s id e s  V O ^  g ro u p s . In 
F c 2 0 :^-Pb0 - S i 0 2  g la s s e s  [1 9 ] , h o w e v e r , F c  io n  b u ild s  o rd e re d  
m ic ro c lu s te r s  w ith  v a r io u s  n u m b e r s  o f  F e  io n s  a n d  m a k e s  tr e e ­
lik e  c o n f ig u ra t io n s  [1 9 ] . A c c o rd in g ly , TCO 2 n e tw o rk  in te l lu r ite  
g la s s e s  c a n  in c o rp o ra te  V O ^ , F eO ^  o r  F eO ^  s tru c tu ra l u n its , 
to g e th e r  w ith  o th e r  io n s , in  c e r ta in  c o m p o s it io n a l  ra n g e s  o f  
b in a ry  o r  te rn a ry  g la s se s . F ro m  th e  g la s s  fo rm a tio n  s tu d y  o f  
b in a ry  te llu r ite  g la s se s  [9 ] , u p p e r  l im its  fo r  V 2O , a n d  FC2O 3 w ere  
fo u n d  to  h e  58  m o l%  an d  2 0  m o )% , re sp ec tiv e ly , w h ich  in flu en ced  
o n  e le c tr ic a l t r a n s p o r t  p ro p e r t ie s  o f  th e s e  g la s se s .
3 , D C  c o n d u c tio n
3.J. Small polaron hopping conduction :
A s is w e ll k n o w n , A u s tin  a n d  M o tt  [ 8 ] p ro p o .scd  a  S P H  m o d e l 
b a s e d  o n  s in g le  o p tic a l  p h o n o n  u n d e r  s tro n g  e le c tro n -p h o n o n  
in te ra c t io n . In  th is  S P H  m o d e l ,  th e  d c  c o n d u c tiv i ty  ( a )  o f  a  
g l a s s  w i th  s i n g l e  t r a n s i t i o n  m e t a l  io n  in  n o n - a d i a b a t i c  
a p p ro x im a tio n  is g iv e n  b y  [8 ],
CT =  VoNe^R^CH - C )  e x p  ( - 2  a  R) e x p  (-W  /  kT) /  kT, (1) 
W=W„ + W p / 2  ( T > 0 p f 2 ) ,  (2a)
W = W„ ( r<©o/ 4) .  (2b)
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w h e re  Vq is th e  o p tic a l p h o n o n  fre q u e n c y  ; N, th e  d e n s ity  o f  
tr a n s it io n  m e ta l io n ; R, th e  m e a n  sp a c in g  b e tw e e n  tra n s it io n  
m e ta l io n s  ; C , th e  fra c tio n  o f  re d u c e d  tra n s it io n  m e ta l io n  ; a , 
th e  tu n n e lin g  f a c t o r ; W, th e  a c tiv a tio n  en e rg y ; , the  h o p p in g  
e n e rg y ; Wp . th e  d is o rd e r  e n e rg y  an d  e, T k, Gp  h a v e  u su al 
d e fin itio n s , re sp ec tiv e ly . A lm o s t a ll e le c tro n ic  c o n d u c tin g  o x id e  
g la s se s  c o n ta in in g  tra n s it io n  m e ta l io n s  h a v e  b een  tre a te d  by 
th is  S P H  m o d e l w h ic h  e x p la in e d  w ell th e ir  J c  co n d u c tiv ity .
F o r  te m p e ra tu re s  b e lo w  0 ^ / 4 ,  n o rm a lly  10()K, w h e re  
p o laro n  b in d in g  en e rg y  b eco m e s sm aller, the  M o tt va riab le -ran g e  
h o p p in g  c o n d u c tio n  (V R H ) [201 g iv e n  by
a  = B e \p (-A /T ''* ) ,
A = 2 M{ a ^  / k N ^ E ^ ) f *
(3)
(4)
is p o ss ib le  to  o ccu r, w h e re  a  is th e  tu n n e lin g  fac to r an d  A  ( £ ^ ) ,  
th e  s ta te  d e n s ity  a t th e  F e n n i  lev e l, k, th e  B o ltz m a n n  c o n s ta n t 
an d  B , a  c o n s ta n t fo r  th e  lem p)eratu re  ra n g e  o f  V R H .
T h e  dc c o n d u c t iv i ty  o f  V 2 0 ^ - T e 0 2  g la s s e s  s tu d ie d  b y  
D h a w a n  et al. [1 0 ] in d ic a te d  th a t th e  c o n d u c tiv ity  w as  s lig h tly  
h ig h e r  th a n  th a t o f  v a n a d iu m  p h o s p h a te  g la s se s , a n d  sm a ll 
p o la ro n ic  h o p p in g  w a s  c o n f i rm e d . T h e s e  g la s se s  [1 0 ] a ls o  
p re s e n te d  a  a  «  T  b e h a v io u r  d u e  to  V R H  [20] [eq . (3 )]. O n  
th e  o th e r  h a n d ,  V 2 0 ^ - S b 2 0 3 ~ T e 0 2  g la s s e s  [ 2 1 ], n - ty p e  
s e m ic o n d u c tin g , e x h ib ite d  th e  lin e a r ity  b e tw e e n  lo g  (g T)  an d  
7^* fo r  d if fe re n t g la s s  c o m p o s it io n s  as  sh o w n  in F ig u re  1, w h ich  
w as  c o n firm e d  to  b e  S P H  c o n d u c tio n  b u t n o  V R H  tra n sp o rt w as
2.0 2.2 2.4 2.6 2.8 
1 0 »T“»yK-»
3.0 3.2 3.4
T h e  tra n s it io n  fro m  n o n -a d ia b a tic  to  a d ia b a tic  transport m 
S P H  o c c u rre d  n o rm a lly  a t a b o u t a  5 0  m o l%  V 2 0 ^ fo r vanadiuiTi 
teru llite  g lasses  [ 2 1 ,2 2 ] ;  S P H  b ecam e  ad iab a tic  fo r contciii
20
Temperature /  ®C 
0 - ^ 3 0 - 6 0 - 90
Figure 2. log a vs T for SnO -  TeO^ glasses |2 |^
: V p,.SnO :TeO , = 50 10 4(/
A • V,0,;SnO:TeO, = 40:10:50 (mol%)
O : V jO .:S n O  T c O , =  5 0 :2 0 :3 0
Figure 1. Temperature dependence of dc conductivity for V^ O^ -Sb^ O,- 
TeO, glasses [21]. The glass composition for each sample is listed in 
Rcf.‘[2IJ.
o b se rv e d  a t lo w  te m p e ra tu re s . V jO ^ - S n O - T e O j g la s se s  [2 2 ] 
w h ic h  w e r e  n - t y p e  s e m i c o n d u c t i n g  b u t  h a d  a  p - t y p e  
se m ic o n d u c tin g  c o m p o s it io n , g a v e  S P H  tr a n s p o r t  w ith  h ig h  
c o n d u c t i v i t y ,  a n d  e x h i b i t e d  t h e  a  oc 7 “ *'^ r e l a t i o n s h i p  
ch arac teriz in g  V R H  fro m  2 0 0 K  to  ro o m -tcm p cra tu rc  [23] (F ig u re  
2 ). T h e  d if fe re n c e  in  th e  o c c u rre n c e  o f  V R H  b e tw e e n  tw o  k in d s  
o f  v a n a d iu m  te l lu r ite  g la s se s  is  p ro b a b ly  d u e  to  d if fe re n c e s  o f
la rg e r  th a n  a b o u t 5 0 m o l% , an d  n o n -a d ia b a tic , sm a lle r  than ilih 
v a lu e . T h is  v a lu e  w a s  s im ila r  to  o th e r  v a n a d iu m  phosplKit^ 
g la s se s  [4]. V 2 0 ^-P bO  g la sse s  [2 4 ], h o w ev er, w ere  exceptional 
s in c e  th e s e  g la s s e s  in d i c a te d  n o n - a d ia b a t i c  S P H  at high 
te m p e ra tu re s  fo r  h ig h  c o n te n ts  ( 6 0 - 9 0  m o l% ) o f  V^O^ TIu 
m a x im u m  V 2 0  ^ c o n te n t fo r  te rn a ry  v a n a d iu m  te llu rite  glassy; 
w as as  la rg e  as  7 0 m o l%  [2 1 , 2 2 ], so  th e se  g la s se s  norniaiiv 
c o n ta in e d  b o th  a d ia b a tic  an d  n o n -a d ia b a tic  h o p p in g  conduciioi 
re g io n s .
T h e  e ffe c t o f  th e  se c o n d  tra n s it io n  m eta l ion  on  vanadium o' 
iro n  te llu r ite  g la s se s  w a s  re p o r te d  fo r  te rn a ry  g lass  formiML 
sy s te m s  b u t re su lts  w e re  v a rio u s . T h e  c o n d u c tiv ity  o f  Fe^O^ 
V 2 0 5 - T e 0 2  g la s se s  [25] w as la rg e r  fo r  FC2O 3 = 1 0  and  15 mol^v 
th an  th a t fo r  F e 2 0 3  =  5 m o l%  fo r V 2O 3 =  5 0  m o I% . V 2O 3- MnO 
T e 0 2  g la s s e s  [2 6 ] , h o w e v e r ,  c o n d u c t iv i ty  d e c re a s e d  will 
in c re a se  in  M n O  fo r  V ^O ^ =  6 0  m o l% . FC2O 3- M 0 O 3-ICO 
g la s se s  [2 7 ], by  c o n tra s t, th e  c o n d u c tiv ity  in c re a se d  by adding 
o f  M 0 O 3 fo r  fix ed  FC2O 3 c o n te n t. T o  an a ly z x  th e se , extension o; 
S P H  th e o ry  fo r  th e  g la s se s  c o n ta in in g  tw o  tra n s it io n  m etal ion* 
is  e x p e c te d .
A s  eq . (1 )  sh o w s  th e  c o n d u c tiv ity  cT is  h ig h ly  in fluenced  hj 
th e  frac tio n  o f  re d u c e d  tra n s itio n  m e ta l ion  (C ). T h e  value of C 1 
v aried  by  th e  am o u n t o f  tran s itio n  m e ta l ox id e . F o r  V^Oj-Sb^O , 
T e O j  g la s s e s  [ 2 1 ] C ( = C v  = [ V * * ] / ( [ V ^ ^ l+ f V '* ] } )  valu< 
d e c re a s e d  w ith  in c r e a s in g  V jO j  c o n te n t  ; th e  re su lts  wer< 
e x p la in e d  b y  th e  e f f e c t o f  a  re d o x  re a c t io n  2 V jO j  +  S B jO j"  
4 V O 4 +  S b jO j.  A  s in ti la r  d e c re a s e  in  C v  w a s  fo u n d  fo r V j0 5- 
S n O -T e O j g la s se s  [2 2 ] fo r  in c re a s in g  Wfi ,  w ith  fixed SnC 
c o n te n ts  (F ig u re  3 a ) b e c a u se  o f  a  re d o x  re a c tio n  V ^ O j+ SnO 
2 V O 2 + S n O j, a n d  th e  c o n d u c tiv ity  lo w e re d  w ith  increasing C' 
v a lu e  (F ig u re  3 b ) ir re sp e c tiv e  o f  a  d e c re a s e  in  ac tiv a tio n  energ)
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■Figure 3 a). F o r  te r n a ry  ir o n  te l lu r i te  g la s s e s ,  h o w e v e r , o p p o s ite  
cases w ere  fo u n d . F C j O j - S b j O j - T e O j  [2 8 ]  a n d  F e j O , - S r O -
T e O , 1291 glasses gave C(=Cp, = [Fe'^*]/{[Fe^*]+[Fe^*]])
Figure 4. EITccls of on dc conductiviiy at T = 473K for Fe,0,-Sb^0,- 
TeO  ^ (28) and Fe.O^-SrO-TeO^ (29] glasses For (a) and (b), •  : Fe/)^- 
Sb,0^’TeO, glasses ; A • Fe^O,-SrO-Te(), glasses, (a) C ,. v.v Fe,0, content 
[3()]» (b) Conductivity v.v [30]
3. Effects of V,(), content on Cv and activation energy W for 
V 0, • ,SnO - TeO, glasses [22] (a) Cv and W vv V ,0 , content, (b) 
C I’miuctivity v.v Cv
values in c re a se d  w ith  in c re a s in g  F c 2 0  ^c o n te n t  (F ig u re  4 a  [3 0 ]) , 
where the c o n d u c tiv i ty  in c r e a s e d  p ro p o r t io n a l ly  w ith  in c re a s in g  
(F igu re  4 b  [3 0 ] ) . T h is  w a s  d u e  to  a  d e c re a s e  in  a c tiv a t io n  
‘ ticrgy w ith  in c r e a s in g  FC2O 3 c o n c e n t r a t io n  [2 8 , 2 9 ) . T h u s  C  
' ilue d o cs  n o t d e c is iv e ly  d e te r m in e  th e  v a lu e  o f  c o n d u c tiv i ty  
fToi these  te l lu r i te  g la s s e s ,  b e c a u s e  th e  c o n d u c t iv i ty  is a ls o  
i^claicd to  a c t iv a t io n  e n e r g y  a s  s h o w n  in  e q . ( 1 ).
The c o n d u c tiv ity  o f  i r o n - te l lu r i te  g la s s e s  w a s  g e n e ra l ly  h ig h  
o va lues fo r  F c 2 0 3 - T e 0 2  g la s s e s  [311 w e re  a  fa c to r  o f  lO"* 
than th a t o f  P 2 6 3 ~ F e 2 0 ^’-  C a O  g la s s e s  [3 2 ] . O th e r  te rn a ry  
te llu rite  g la s s e s ,  e,g., [2 8 ) o r  FC2O 3-
fc 0 2  [2 9 ] g la s s e s  a ls o  g a v e  cr =  ld ~ “^ -  10"^ S c m “ * (F ig u re  
[30] w ith  l in e a r i t ie s  b e tw e e n  lo g  (a  7) a n d  T ~ ' (F ig u re  5 a  
) a c c o m p a n y in g  w ith  lo w e r in g  o f  a c t iv a t io n  e n e rg y  w ith  
^^^rcasing F c jO ^  c o n te n t  (F ig u r e  5 b )  [2 8 , 3 0 ] . T h e  c o n d u c tio n  
of the g la s se s , n - ty p e  s e m ic o n d u c t in g ,  o f  th e s e  s y s te m s  [2 7 -2 9 ]  
confirmed S P H  in  th e  n o n - a d ia b a t ic  r e g im e  in  c o m m o n . T h is  
^on-adiabatic n a tu r e  is  p ro b a b ly  d u e  to  s m a l le r  c o n te n t  o f  FC2O 3 
those  in  v a n a d iu m  te l lu r i te  g la s s e s .  T h e  m a x im u m  FC2O 3
[F ep 3] (mol %)
Figure 5. Temperature dependence of dc conductivity for FC jO j-Sbp,- 
TeO  ^ glasses [28] [30]. (a) Conductivity vs. temperature [28) [30]. •  : 14 
FCjO,-1.5 Sb,0,-84.5Tc0j. o : l3Fe,0^-1.5Sb,0,~85..5Te02, A: I2FejO,- 
LSSb^O, -  86.5TeOj, A : llFe^O , -  1 5SbjO, -  87.5TcOj(mol%), 
(b) Activation energy W vs. Fc^O, content [30].
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c o n te n t  in  th e s e  g la s s  fo r m a tio n  re g io n s  is c o m m o n ly  1 5 -2 3  
m o I%  [9 ,2 7 -2 9 ] .  T h is  m a k e s  th e  o c c u rre n c e  o f  a d ia b a tic  h o p p in g  
d if f ic u l t  b e c a u s e  o f  la rg e  F c - O - F c  s p a c in g  d u e  to  th e s e  lo w  
F c 2 0 3  c o n c e n t r a t i o n s .  T h e  l in e a r  c o n d u c t iv i t y - t e m p e r a tu r e  
r e la t io n s h ip s  g a v e  s in g le -v a lu e d  a c t iv a t io n  e n e rg ie s  fo r  F e 2 0 3 -  
S b 2 0 3 - T e 0 2  [2 8 j a n d  F c 2 0 ^ -S r 0 ~ T e 0 2  [2 9 ] g la s s e s  s im ila r  to  
iro n  s i l ic a te  [1 9 ] a n d  p h o s p h a te  (31 ] g la s se s . T h e  S P H  tr a n s p o r t  
w a s  v a lid  to  lo w  te m p e ra tu re s ,  b u t  n o  v a r ia b le  ra n g e  h o p p in g  
w a s  o b s e r v e d  fo r  b in a r y  [3 2 ] a n d  te rn a ry  [2 7 -2 9 ]  iro n  te l lu r i te  
g la s s e s . T h is  is , a s  s ta te d ,  d u e  to  th e  lo w  c o n c e n tra t io n  o l F e 2 0 3  
( le s s  th a n  2 3  m o l% )  in  th e s e  g la s s e s ,  c a u s in g  la rg e  F e -O -F e  
sp a c in g  a n d  lo w  N (E p ),
3,2 Multiphonon tunneling conduction :
S h im a k a w a  [3 3 ] , a .ssu m in g  m ic rc K lu s te rs  in  a  g la s s  n e tw o rk , 
re v e a le d  th a t th e  d c  a n d  a c  c o n d u c t iv i t ie s  o f  V ^ 0 ^~"p2 0  ^ [ 1 ] a n d  
V 2 0 , . - T e 0 2  [ 1 0 ] g l a s s e s  c o u l d  a l s o  b e  i n t e r p r e t e d  b y  
m u lt ip h o n o n  tu n n e l in g  o f  la rg e  p o la r o n s  b e tw e e n  m ic ro c lu s te r s  
in  th e  g la s s . T h e  c o n d u c t iv i ty  d u e  to  th is  m tx le l is  p re d ic te d  by  
[33],
(5)
w h e re  cTq is  a  c o n s ta n t  d e p e n d in g  o n  g la s s  c o m p o s i t io n  a n d  n 
is  n o n in te g ra l  n u m b e r . T h e  m ic r o c lu s te r  w a s  a n  a s s u m p tio n . 
R e c e n tly , 2 0  to  4 0  n m  s iz e  m ic r tx :ry s ta l lin e  g ra in s  w e re  o b se rv e d  
in  V 2 0 3 - C o O - T e 0 2  g la s se s  [3 4 ] b y  T E M , a n d  th e  d c  c o n d u c tio n  
o f  th e s e  g la s s e s  c o u ld  b e  w e ll  e x p la in e d  b y  th is  m u l t ip h o n o n  
tu n n e l in g  t r a n s p o r t  m o d e l  [3 3 ] fo r  a  w id e  te m p e ra tu re  ra n g e  
(3 3 0 - 4 7 5 K ) . A t te m p e ra tu re s  h ig h e r  th a n  0 ^  /  2 ,  th e  c o n d u c tio n  
w a s  d u e  to  n o rm a l S P H , b u t for T< 0p  12 d e v ia t io n  f ro m  th e  
re la t io n  lo g  (<r T) -  T~  ^ in  in te rm e d ia te  te m p e ra tu re  ra n g e  c o u ld  
n o t b e  e x p la in e d  b y  th e  G re a v e s ' [3 ] a n d  M o tt 's  [2 0 ] V R H  m o d e ls , 
r e s p e c tiv e ly .  A s  F ig u r e  6  s h o w s , th e  S h im a k a w a  m o d e l [3 3 ]
[e q . (5 ) ]  f i ts  w e ll  to  th e  c o n d u c t iv i ty  d a ta  in  a  w id e  temperature 
ra n g e . T h u s , th is  m o d e l h a s  a d a p ta b il i ty  to  o th e r  semiconductjn« 
g la s s e s  c o n ta i n in g  s e m ic o n d u c t in g  m ic r o  o r  nanocrysiaK 
(n a n o c o m p o s i te  g la s s e s ) .
4. Thermoelctric power
T h e  S e e b e c k  c o e f f ic ie n t  (Q )  w a s  in v e s t ig a te d  fo r  vanadiuni 
te l lu r i te  g la s s e s  [3 5 ] . TTie r e s u lts ,  s im i la r  to  th o s e  for 
B i2 0 3  g la s s e s  [3 6 ] , in d ic a te d  a lm o s t  u n c h a n g e d  Q  values lo: 
h ig h  te m p e ra tu re s  a n d  o b e y e d  th e  H e ik e s  fo r m u la  [37]
e  =  a / e ) [ l n { C ( l - C ) )  +  a ' ] ,
w h e re  C  is  f r a c tio n  o f  re d u c e d  m e ta l io n  to  to ta l tran s itio n  niLU,, 
io n , Of' is  a  c o n s ta n t  o f  p r o p o r t io n a l i ty  b e tw e e n  th e  heat iraiMu 
a n d  th e  k in e tic  e n e rg y  o f  a n  e le c tro n . F o r  Of' <1 [3 8 ], coikIus iini- 
is  d u e  to  S P H , h u t fo r  a ' >2 [ 8 ], c o n d u c tio n  is  c a u se d  by lau^ v 
p o la r o n . A s  F ig u r e  7 s h o w s , a lm o s t  te m p e ra tu re  invariani \ } 
v a lu e s  fo r  V 2 0 ^ - S b 2 0 3 ~ T e 0 2  a n d  V 2 0 5 - B i 2 0 3 - T e 0 , glassi, 
[ 3 5 1 o b e y  e q . ( 6 ), in d ic a t in g  th a t  th e  tran .sp o rt o f  th ese  ^lassL, 
w a s  sm a ll  p o la r o n ic .  V 2 0 5 - R 0 -T e0 2  g la s s e s  c o n iam in g  ilu 
s e c o n d  tr a n s it io n  m e ta l o x id e  (R = M n  [2 6 ] o r  N i [3 9 ]), prcsaiiul 
te m p e ra tu re  in v a r ia n t  Q v a lu e s  a p p a re n t ly  e x p re s s e d  by cq 
H o w e v e r , e x te n s io n  o f  th e  H e ik e s  fo r m u la  [eq . ( 6 )] foi glass, 
c o n ta in in g  tw o  tr a n s it io n  m e ta l io n s  b e tw e e n  d if fe re n t iransUh i, 
m e ta l io n s  is  n e c e s s a ry  fo r  m o r e  d e ta i le d  a n a ly s is . F in a lly , u h 
n o te d  th a t th e s e  v a n a d iu m  a n d  iro n  te l lu r i te  g la s s e s  arc 
in  a ir , th is  e n a b le s  fu r th e r  s tu d ie s  o f  th e s e  g la s se s  fo r  applicaiu^, 
-100
4 — 5 < 4  i ------- l-ih —
-200
— -3 0 0
-4 0 0
3 6 0 3 8 0 4 0 0 4 2 0
T(K)
4 4 0 4 6 0 480
Figure 6. tog a  vs. log T for xVjO,-IOCoO-(90-x)TcOj (mol%) glasses 
[34]. (a) X »  40, (b) X s 50, (c) x » 60, (d) x = 70.
Figure 7. Seebeck coefficient Q of VjO^-Sb^Oj-TeO, and V,0, Bi,0, 
TeO, glasses [35]. (O. •, A) : xV^O,-4SbjO,-(96-x)TeO, (molVr)
▲ : 26V p,-3SbjO ,-7IT eO ^ (mol%) glass, o : x = *62. •  x ^
A : X = 44; (V ,T) : xVjO,-6Bi^O^-(94-x)TeO, (inol%) glasses, V x 
▼ : X = 60.
5. Appiicattons
5.1, Effect o f pressure on conductivity :
When a high pressure is applied to semiconducting tcllurn^  ^
glasses, hopping transport is expected to increase, because the 
mean spacing between transition metal ions becomes shorie| 
than that before applying pressure. If this effect is large an 
reversible, some glasses may be applicable to a pressure sensof
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Xhe u ltrah ig h  p r e s s u r e  e f f e c ts  o n  d e n s i ty  a n d  re f ra c t iv e  in d e x  
of silica  g la s s  h a s  b e e n  r e p o r te d  [4 0 -4 2 ]  a n d  a n  ir re v e rs ib le  
change o f  th e  p ro p e r t ie s  b e y o n d  a  th r e s h o ld  p re s s u re  lo o k  p lace . 
M urawski a n d  G z o w s k i  [3 1 ]  r e p o r te d  p re s s u re  d e p e n d e n c e  o f  
c o n d u c tiv ity  f o r  F e 2 0 3 - 'P 2 0 5  g l a s s e s  w i th  n o  t h r e s h o ld  
pressure. R e c e n t  r e p o r t  in d ic a te d  th a t  th e  d c  c o n d u c tiv i ty  o f  
V ,0 ^-*PbO -T eO 2 g la s s e s  [4 3 ]  r e v e r s ib ly  in c re a s e d  (F ig u re  8 a) 
,)r d ec reased  (F ig u re  8 b )  o n  a p p ly in g  o r  r e le a s in g  p re s s u re  (0 - 
6CiPa). IT iese c h a n g e  w e re  m o re  re m a rk a b le  in  b u lk  g la s s  s a m p le  
than in p o w d e r  g la s s  s a m p le .  A lth o u g h  th e  c o n d u c tiv i ty  c h a n g e  
sjvas low  (a  fa c to r  o f  2 -4 )  b e c a u s e  o f  s o m e w h a t r ig id  in  g la s s  
structure, th e  e x p e r im e n ts  p ro v id e d  a  p o s s ib il ity  o f  n e w  re se a rc h , 
; e., the h o p p in g  t r a n s p o r t  in  c o m p a c t  g la s s e s .
2 4
Pressure/GPa
g a s - s e n s in g  m a te r ia ls  a n d  s e n s o r  d e v ic e s  h a v e  b e e n  e x te n s iv e ly  
p e rfo rm e d . In  g a s - s e n s in g  o f  c o n d u c tin g  c e ra m ic s ,  e .g ., S nO ^ 
o r  Z n O , a b s o rp tio n  a n d  d e s o r p tio n  o f  re d u c in g  o r  o x id iz in g  g a s  
o n  c e ra m ic s  s u r fa c e  a re  b a s ic  p h e n o m e n a , w h ic h  m o d u la te s  
c o n c e n t r a t io n  o f  e le c t ro n  in  b a n d  c o n d u c tio n . H o w e v e r , n o  
a tte m p ts  w e re  m a d e  o n  th e  fe a s ib ility  o f  g a s - se n s in g  fo r v an ad a te  
o r  iro n  te l lu r ite  g la s s e s  in  sm a ll p o la ro n ic  c o n d u c tio n .
A  g a s - s e n s in g  e x p e r im e n t w a s  m a d e  fo r  V 2 0 ^~ Sr0 - S b 2 0 , 
g la s s e s  [4 4 ] u s in g  a  p re s s e d -g la s s  p o w d e r  p e lle t  w h ic h  w a s  
th e n  s in te re d  a t te m p e ra tu re s  lo w e r  th a n  th e  g la s s  t ra n s it io n  
te m p e ra tu re  (T g ), th u s  a  p o ro u s  g la s s  p e lle t s a m p le  w as  o b ta in ed . 
W h e n  a tm o sp h e r ic  g a se s , a n d  A r, w e re  e x c h a n g e d  e a c h  o th e r  
^  te m p e ra tu re s  1 60~ 220^C  fo r th e  s a m p le , re v e rs ib le  c h a n g e s  in 
0 1 C d c  c o n d u c t i v i t y  w e r e  o b s e r v e d  ( F i g u r e  9 ) ,  t h o u g h  
C o n d u c tiv ity  re s p o n s e  m  e x c h a n g in g  g a s e s  w a s  lo w  [44J. T h e  
g a s  s e n s it iv ity  fo r  o x y g e n  w a s  o b ta in e d  to  b e  4 .5 . T h e  g as-  
ie n s in g  m e c h a n is m  o f  th e s e  g la s s e s  c o u ld  b e  w e ll e x p la in e d  by 
a  g a s  (O 2 ) d if fu s io n  a n d  d e s o rp tio n  m o d e l [4 4 ] , w h ic h  g a v e  a  t*^  
^ p ro p o r t io n a l  c o n d u c tiv i ty  r e s p o n s e  o n  in t ro d u c in g  O 2 g a s  
( t : t im e  a f te r  g a s  in tro d u c tio n ) .
Time (h)
Figure 9. Changes in conductivity of 7.^VjO,- 18SrO-9SbjO, (mol%) 
gla^s with lime at different lemperature.s on altemnte switching of and 
Ar gases [44].
. <-5.5
Hgurc 8. Effect of pressure on resistivity of xV,O,-20PbO-(80-x) TeO, 
glasses (431. (a) on increasing pressure, A : x = 60, powder, o : x 
- 40, powder ; □  : x -  50, powder, ♦  : x = 50, bulk sample, (b) on 
<iecreasing pressure, A : x * 60, powder, o : x = 40. powder, □  : x = 50, 
Powder, ♦  : X 50. bulk sample.
^ 2. Effect o f atmospheric gas on conductivity :
Gas -  s e n s in g  p ro p e r t ie s  o f  s e m ic o n d u c t in g  c e ra m ic s  a t  h ig h  





Figure 10. (a) Changes in dc conductivity of 15FCjO.j-5Sb-80TcO^ (mol%) 
glass with lime at 598 K on alternate switching of Ar and gases [47J. 
The solid lines are calculated using cqs. obtained from gas diffusion model 
in Ref. (47J. (b) Changes in conductivity of 15Fc,O^-5Sb-80TeOj (mol%) 
glass between 55 and 58 min at T = 598K, showing the sudden change in 
conductivity from 60 to 61 min (47J.
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T h e s e  O 2 g a s - s e n s in g  b e h a v io u r  w a s  a ls o  o b s e rv e d  fo r  n - 
ty p c  s e m ic o n d u c t in g  V ^ O ^ - S b jO ^ -T e O j [4 5 ] a n d  V 2 0 ^ - S n 0 - 
T e O ^  14 6 ]  g l a s s e s .  T h e  r e s u l t s  w e r e  u n d e r s to o d  b y  a  g a s  
d i f f u s i o n  m o d e l ,  s i m i l a r  g a s - s e n s in g  m e c h a n is m  [4 4 ] .  In  
p a r t i c u l a r ,  F e 2 0 3 - S b ~ T e 0 2  g l a s s e s  [ 4 7 ]  s h o w e d  a  h ig h  
s e n s i t iv i ty  o n  a l te rn a te  s w itc h in g  o f  A r  a n d  O 2 g a se s  (F ig u re  
1 0 ) b e c a u s e , in  a d d it io n  to  th e  g a s  d if fu s io n , a b ru p t  c h a n g e s  in  
c o n d u c t iv i ty  d u e  to  c h e m is o r p t io n  o c c u r r e d  a t  th e  s a m p le  
s u r fa c e . T h u s  th e  g la s s e s  g a v e  a  la rg e  g a s - s e n s i t iv i ty  o f  8 . 1  a t 
325«C.
T h e s e  a b o v e  r e s u l t s  s u g g e s t  th a t  i f  g la s s  s t r u c tu r e  is  
o p tim iz e d  fo r  e a s y  d if fu s io n  a n d  re d if  fu s io n  o f  g a se s  fo r  s e n s in g , 
th e s e  s e m ic o n d u c t in g  g la s s e s  h a v e  th e  p o te n t ia l  a p p lic a b il i ty  
to  a  g a s  s e n so r .
6. Conclusions
D C  c o n d u c tio n  p ro p e r tie s  o f  s e m ic o n d u c t in g  v a n a d iu m  a n d  iro n  
te l lu r i te  g la s s e s  a n d  th e  fe a s ib i l i ty  o f  th e i r  a p p lic a t io n s  w e re  
re v ie w e d . T h e  c o n d u c t io n  o f  te rn a ry  v a n a d iu m  te l lu r i te  g la s s e s  
w e re  d u e  to  sm a ll  p o la r o n  h o p p in g  in  th e  a d ia b a tic  o r  n o n - 
a d ia b a tic  r e g im e . V a r ia b le - ra n g e  h o p p in g  tr a n s p o r t  to o k  p la c e  
d e p e n d in g  o n  g la s s  c o m p o s i t i o n .  F o r  g l a s s e s  c o n ta i n in g  
n a n o c r y s t a l l i t e s ,  l i k e  th e  s y s t e m ,  th e
S h im a k a w a 's  m u l t ip h o n o n - tu n n e l in g  m o d e l c o u ld  e x p la in  th e  
c o n d u c tiv i ty .
T e r n a r y  i r o n  te l lu r i t e  g la s s e s  e x h ib i t e d  r e l a t i v e ly  h ig h  
c o n d u c tiv ity  w ith  a b o u t 2 0 m o l%  iro n  o x id e , a n d  p re s e n te d  n o n - 
a d ia b a tic  sm a ll  p o la ro n  h o p p in g  c o n d u c tio n . T h e  v a r ia b le - ra n g e  
h o p p in g  t r a n s p o r t  w a s  n o t y e t  o b s e r v e d .  In c r e a s e  in  F c 2 0  ^
c o n te n t  in c r e a s e s  f r a c t io n  o f  Fe^^ c o n c e n t r a t io n  to  F e  to ta l  io n  
c o n c e n tra t io n  a n d  d e c re a s e s  a c tiv a tio n  e n e rg y , c a u s in g  e ffe c tiv e  
in c re a s e  in  c o n d u c tiv i ty .
T h e  g la s s e s  ( o f  b o th  g la s s  fo rm in g  s y s te m s )  in c re a s e d  th e ir  
c o n d u c tiv i ty  o n  a p p ly in g  p re s s u re ,  a n d  p ro v id e d  g a s - s e n s in g  
b e h a v io u r  a t e le v a te d  te m p e ra tu re s  d u e  to  g a s  d if fu s io n  in to  
a n d  r e d i f f u s io n  f r o m  th e  g la s s .  F u r t h e r  in v e s t i g a t io n s  a re  
e x p e c te d  o n  th e i r  a p p lic a t io n s .
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